A crude, lightly sheared chromatin preparation obtained from a mixture of [methyl-3 H] thymidine pulse and [2-1 '*C] thymidine long-labeled sea urchin embryos (swimming blastulae), was centrifuged in metrizamide to form an isopycnic gradient. The buoyant density of the 3 H pulse labeled chromatin was slightly higher than that of the 1U C labeled bulk chromatin. The 3 H/ 1 4 C ratios in the higher and lower density regions of the overlapping radioactivity peaks, indicated the presence of fractions rich and poor in nascent DNA in these two density regions. After 15 min chase, the difference disappeared, indicating that the chromatin fractions with nascent DNA have a half-life shorter than 15 min.
INTRODUCTION
Replicating chromatin presumably consists of DNA which can be visualized as a bi-directionally growing "replication bubble" or "eye-form" (1-4) and its associated proteins. Much has been learned about the process and general requirements of DNA replication by analyzing or looking at replicating DNA (5-9).
However, little is known about the structural and functional organization of the nucleic acid and protein components which participate in this process, and which are at the sites of DNA replication within the chromatin. One probable reason for this shortcoming may be the absence of adequate methods leading to the isolation of native chromatin fractions which are enriched in replicating DNA.
One of the criteria for the separation of chromatin containing nascent DNA, from bulk chromatin, is buoyant density, which is correlated with the protein/DNA ratio (10) . Until recently, isopycnic centrifugation of chromatin was largely confined to CsCl gradients. These ionic gradients require formaldehyde fixation in order to prevent deproteinization of the chromatin 
MATERIALS AND METHODS
The eggs and sperm of sea urchins {Paracentrotus lividus) were collected as described by Mazia and Zimmerman (11) . The fertilization of eggs and development of embryos were as described by Case et al. (12) , except that embryos were grown in at least 20 V^ of millipore filtered sea water containing 15 pg/ml penicillin G and 30 yg/ml streptomycin sulphate at 18°C.
[2-ll *C] thymidine was added to developing embryos shortly after fertilization in order to label the DNA of bulk chromatin which cannot be identified by ultraviolet absorption, due to the high absorbancy of metrizamide solutions under A300 (13) . The 1 '*C labeling was terminated by resuspending the embryos in filtered sea water containing 20 mM NaN3 and 2.5 mM thymidine for a further 30 min at 18°C.
Isolation of nuclei and preparation of crude chromatin. Nuclei were isolated at 4°C by a modification of the method of Hinegardner (14) . After termination of labeling, embryos were washed twice in a solution of 1 M dextrose-20 mM NaN 3 , mixed as described in the legend of Fig. 1 and transferred to 2 mM MgCl2 -20 mM NaN 3 for homogenization in a tight teflon glass tissue grinder (12 strokes). An equal volume of 2 mM MgCl2, 20 mM NaN 3 and 2 M dextrose was added immediately following homogenization. After centrifugation in a swinging bucket rotor at 1100 x g for 10 min at 4°C, the pellet, containing nuclei and large debris was resuspended in 2 mM MgCl2, 20 mM NaN 3 and 1 M dextrose and layered on a discontinuous sucrose gradient consisting of three 7 ml layers of 75%, 60% and 50% sucrose containing 0.2 mM K 2 NaP0 4 and 1 mM MgCl 2 .
Centrifugation was at 53,000 x g for 45 min at 4°C in a Spinco SW 27 rotor.
The pellet containing the purified nuclei was retained and suspended in an ice cold solution modified from Hancock (15) containing 0.2 mM K 2 NaP0i, and 0.4 mM EDTA pH 7.5, and the nuclei were lysed gently on a Vortex mixer. This ice cooled crude chromatin preparation was then sheared for 2 min in a final V^ of 20 ml in a Virtis homogenizer at 9/11 full speed. DNAase treatment. Crude chromatin preparations were washed on GF/C glass-fibre paper discs as described in the legend of Fig. 1 , but carrier DNA was replaced by 50 yg/ml BSA (Sigma) before rinsing with cold 5% TCA; this was followed by rinses with 95% ethanol. After drying in scintillation vials, the discs were incubated either in 1 ml of 0.5 mg/ml pancreatic DNAase I (Sigma, RNAase free) in 0.05 M MES buffer and 2.S mM Mg acetate, pH 7 or with buffer only (control) at 37°C. Three hours later, 1 ml of cold 10% TCA was added and the filters were rinsed with 5% cold TCA, dried and counted. •• The pulse and pulse-chase label were terminated by pouring the suspension of embryos into a large excess of partially frozen sea-water containing 20 mM sodium azide (NaN3). Nuclei were isolated and the crude chromatin preparations obtained from the nuclear lysates in 0.2 mM ^NaPO, -0.4 mM EDTA, pH 7.5 buffer, were centrifuged in metrizamide (Nyegaard, Oslo) (final cone. 45% w/v in 10 mM TriS'HCl -1 mM EDTA, pH 8) in a Spinco No. 50 rotor at 44,000 rpm for 44-72 h at 4 C C. Two or three drop fractions were collected from the bottom of the polyallomer tubes. The radioactivity of the cold TCA precipitable material in each fraction was determined after the addition of calf thymus DNA carrier (50 yg/ml) and cold TCA, to make 5%, followed by 5% TCA rinses over Whatman GF/C glass fibre paper discs, which were dried and then counted after shaking overnight at 37°C.in a toluene based scintillation fluid with 0.2 ml tissue solubilizer (Eastman).
RESULTS AND DISCUSSION
Sea urchin embryos which had been labeled for 10 sec with [methyl- Nucleic Acids Research this embryo mixture could be digested by DNAase, indicating that the radioactivity was incorporated into DNA. After centrifugation in a metrizamide gradient, the chromatin containing 3 H pulse-labeled DNA had a slightly greater buoyant density than the 1<4 C long-labeled bulk chromatin (Fig. 1A) . The 3 H/ ll4 C ratios on the denser side of the overlapping radioactivity peaks were up to 4 x greater than those on the side of lower density; this demonstrated the presence of chromatin fractions which were relatively rich and poor in replicating DNA in these higher and lower densities.
These results indicate that chromatin with nascent DNA has a higher protein/DNA ratio (16) pulse to sea urchin blastulae was followed by a 15 min chase with non-radioactive thymidine (Fig. IB) . This indicated that the [methyl- The cleavage of chromatin by specific nucleases (20, 21, 22) are expected to produce relatively short chromatin strands containing several hundred base pairs of DNA. Hopefully, this will also result in improved metrizamide separation between chromatin fractions which are high and low in nascent DNA.
There are a number of special features of the system described here which are important for our purposes. Metrizamide neither deproteinizes chromatin nor forms cross-links between DNA and protein (16) , and thus may have a minimal effect, if any, on the native condition of chromatin. This non-ionic substance also does not appear to affect enzyme activity (16) . One of the special attri-
